Groups of up to 13 pregnant rats were individually caged. Body weight, food and water consumption were recorded at days 1, 8, 15 and 22 of gestation and the dams were treated on days 8-15 with sodium chlorite, 0.1%, 0.5% or 2% in drinking water or by injection of 10, 20, or 50 mg/kg IP or by gavaging with 200 mg/kg. To prevent ingestion of stillborn pups some dams were sacrificed at day 22. Other dams were allowed to deliver at term. Fetuses were weighed, measured and examined for soft tissue and skeletal malformations. Sodium chlorite, 20 or 50 mg/kg daily IP or gavaging with 200 mg/kg, caused vaginal and urethral bleeding. Doses of 10, 20 or 50 mg/kg daily IP caused 0, 50 and 100% mortality of dams, respectively. No deaths were caused by soduim chlorite in the drinking water, but the dams' body weight, water and food consumption decreased during all treatments except 0.1% in the drinking water. Blood smears from the dams injected IP or drinking 2% sodium chlorite showed irregular, bizarre and ruptured erythrocytes. Injection of 10 or 20 mg/kg or drinking 2% resulted in decreased litter size and increased stillbirths and resorption sites. Drinking 0.1% or 0.5% sodium chlorite did not produce any significant embryotoxicity. With all treatments, no significant gross soft tissue or skeletal malformations were observed. Postnatal growth of the pups was not affected by any treatment of the dams during the gestation period.
Introduction
The chlorite ion is formed in water from chlorine dioxide treatment. Since chlorine dioxide is under investigation as an alternative to chlorine disinfectant in the U.S., the toxicological profile of chlorine dioxide and its products in water must be thoroughly investigated. Some hematologic aspects of chlorine dioxide and sodium chlorite toxicity have been assessed (1) (2) (3) . However, the health effects of chlorine dioxide or its products chlorite and chlorate have not yet been investigated during pregnancy. In this study we aimed to investigate the maternal toxicity, embryotoxicity and teratogenic potential of sodium chlorite in a pregnant rat model. Sodium chlorite was administered at various dose levels and by various routes of administration during the period of organogenesis in pregnant SpragueDawley rats. The parameters examined for assessment of chlorite toxicity in pregnant rats were maternal lethality or other toxic manifestation, changes in body weight, food and water consumption, fetal viability, size, weight, soft tissue and skeletal malformation.
Materials and Methods
Virgin female Sprague-Dawley rats weighing 268-303 g and fertile male Sprague-Dawley rats weighing 300-320 g were obtained from the Laboratory Supply Company, Indianapolis, Indiana. (4, 5) . The other group of pups was fixed in 95% ethyl alcohol for skeletal examination after clearing of the specimens and staining with alizarin red (6, 7) .
Since dams tend to cannibalize malformed or dead pups, other groups of pregnant rats were subjected to cesarean section before parturition at day 22. Dams were anesthetized with ether and the abdominal cavity was opened to expose the uterine horns which were longitudinally incised. Live, dead and resorbed fetuses were counted. Living fetuses were distinguished by the appearance of reflex motion after touching the fetus with forceps. Fetuses were then separated from the placenta, dried with filter paper, weighed and the crown-rump distance measured. As mentioned above, fetuses were prepared for gross, soft tissue and skeletal examination for malformation. The uterine horns were stained to reveal sites of early resorption (8) .
Blood samples were withdrawn from sacrificed dams by heart puncture and blood smears were stained with Wright stain to examine blood cells under light microscopy.
Postnatal growth was monitored by selecting six pups at random from each litter and weighing them at days 1, 8, 
Results

Maternal Toxicity
The toxic effects and lethality of sodium chlorite administered to pregnant rats during gestation are summarized in Table 1 Table 2 . It is evident that the dams' body weight decreased during all treatments with sodium chlorite except 0.1%. The increase in body weight under the influence of 0.1% sodium chlorite was significantly higher than the control group maintained on double distilled water. All sodium chlorite treatments whether in drinking water or by IP injection significantly decreased water consumption during the treatment period. Food consumption was decreased during all treatments except 0.1% sodium chlorite in drinking water. During the period following the end of treatment until day 22 (recovery, Table 2 ) there was no significant difference in water consumption between treated and control rats. Food consumption was also increased for all treated groups, except the groups which drank 2% sodium chlorite or 0.1% sodium chlorite. During the recovery period the body weight gain for those groups which lost weight during treatment was significantly higher than the body weight gain in the control group.
Effect of Sodium Chlorite Treatment on Red Blood Cells of Dams
Blood smears from dams sacrificed at day 22 showed irregular blood cells, ruptured cells and hemolysis. This was observed only in rats which received 20 mg/kg IP and in those which drank 2% sodium chlorite.
Effect of Sodium Chlorite Treatment on Embryo and Fetus
The litter size, number of live and stillborn fetuses, the fetal weight and crown-rump measurements of litters delivered at term are shown in Table 3 . With 2% sodium chlorite in drinking water, as well as with 10 mg/kg IP treatment of the dams, the litter size decreased and the number of stillbirths increased, but the changes were not statistically significant (p > 0.05) by the t test. The crown-rump distance was significantly decreased under all treatments. However the fetal weight was not significantly decreased. Table 4 shows the effect of sodium chlorite treatment on fetuses of rats sacrificed at day 22. It is evident that the higher concentrations of sodium chlorite increased the number of dead and resorbed fetuses and decreased both the number of live fetuses and the crown-rump distance. There were three whole litter resorptions out of five treated by intraperitoneal injection, by gavage or in drinking water. The injection of 50 mg/kg or 20 mg/kg daily resulted in a cumulative toxic effect which caused 100% and 50% mortality, respectively. Gavaging of 200 mg/kg daily also produced 100% mortality. Injection of sodium chlorite as well as administration of sodium chlorite in drinking water in concentrations higher than 0.1% caused body weight loss and decreased food and water consumption during the treatment period, days 8-15 of gestation. However, after stopping sodium chlorite treatment, the body weight gain was more than the controls, probably as a compensatory mechanism. Decreased food intake continued even after cessation of treatment which may indicate a delayed toxic effect on the dams. Blood smears of rats receiving the higher concentrations of sodium chlorite, 20 mg/kg IP and 2% in drinking water, showed hemolysis of red blood cells. The embryos and fetuses were affected by sodium chlorite treatment in higher concentrations administered either IP or in drinking water. The toxic effects on the fetus include decreased litter size, increased stillbirths and increased resorption of embryos. Whole litter resorption was observed in dams treated with the 2% sodium chlorite in drinking water and in those injected with 10 and 20 mg/kg IP. This, coupled with the observation of vaginal bleeding during treatment, may indicate an early abortifacient effect of higher doses of sodium chlorite. The toxic effect on the fetus may be due to hypoxia produced as a result of methemoglobinemia (1-3) and hemolysis. However, a direct toxic effect on the embryo cannot be excluded since results from this laboratory have shown that sodium chlorite is embryotoxic in the early stage of chick embryo development (9) .
Teratogenic effects of sodium chlorite were not reported. We feel that expanded studies with sodium chlorite at other concentrations are needed to shed light on the embryotoxicity of sodium chlorite. The route of administration is crucial in assessment of the embryotoxicity of sodium chlorite as Table 6 indicates that the calculated amounts of sodium chlorite administered to rats daily were higher by the oral route than by injection. However, the injected sodium chlorite produced a higher maternal and embryotoxicity. Also, gavaging 200 mg/kg produced more toxicity than higher amounts given ad libitum in drinking water.
